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HygroscopicityAbstract The optimization of beetroot juice powder was devised using Box-Behnken design to
optimize the spray drying parameters of inlet air temperature (IAT) (160–180 C), maltodextrin
(MD) addition rate (5–15%) and feed ﬂow rate (FFR) (400–600 ml/h). The experimental results
were (p< 0.05) ﬁtted into the second-order polynomial model to describe and predict the response
in terms of the powder yield, hygroscopicity, redness value, betalain retention (BR %) and radical
scavenging activity (RSA %). The powder yield signiﬁcantly (p< 0.01) increased with increasing
inlet temperature, whereas the redness value, BR, and RSA decreased. With the increasing rate
of MD addition, redness value, BR, and RSA increased. The hygroscopicity values decreased with
increasing feed ﬂow rate. The effect of feed ﬂow rate on the rest of responses was found non-
signiﬁcant at a level of p> 0.05 except hygroscopicity. The optimum conditions were found as
160 C inlet air temperature and 400 ml/h feed ﬂow rate and a maltodextrin concentration of
15% with using desirability function.
 2016 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
For quality evaluation of food, color is the primary screening
for consumers. The application of colors to food includes uni-formity of color across batches of a product, providing color
to colorless foods and restoring the original color of a food
(Shishir et al., 2016). Natural color in the form of pigments
is synthesized and accumulated in living biological cells of
algae, vertebrates, invertebrates, fungi, lichens, or bacteria.
The red color in food industry comes mainly from two pig-
ments: anthocyanin and betalains. Betalains, derived from
beetroot are water-soluble nitrogenous pigments that stop or
delay the oxidation process and exhibit anti-tumor and anti-
atherosclerotic effects. The commercial beetroot red (mainly
betalains) is permitted widely in dairy products such as ice
cream, sherbet, and yogurt, dry soft drink mix along with con-
fectionaries, soups, and bacon products. Betalains are rela-odology
2 B. Bazaria, P. Kumartively pH stable (range of 3–7) (Jackman and Smith, 1996) and
contain a multitude of health beneﬁts including their antioxi-
dant, anticancer and anti-diabetic activity (Muggeridge et al.,
2014). Betalains are mainly composed of red-violet betacyanin
and yellow-orange betaxanthin containing betalamic acid as
the bioactive unit. The stability of betalains varies with differ-
ent levels of water activity, temperatures, exposure to oxygen,
and light. The richest natural sources of betalains include red
beet, Amaranthus, Hylocereus polyrhizus (red pitaya), and
Opuntia ficus (prickly pear). Spray drying is a method of drying
a solution, suspension or slurry, in order to produce a powder
with good quality, low water activity and easier transport and
storage (Abadio et al., 2004; Cano-Chauca, 2005; Quek, 2007).
Also, nitrate enrichment by beetroot juice improves exercise
tolerance through vascular control and elevated O2 delivery
to skeletal muscles. The powder produced from spray drying
beetroot juice without a carrier is very hygroscopic and is
undesirable for application in food including low quality and
stability (Gokhale and Lele, 2011). Also, dehydration of beet-
root while maintaining a high content of betalains is a chal-
lenge. For this reason, high molecular weight drying carriers
(maltodextrin) are added with sugar-containing juices to avoid
the stickiness of wall chamber and among the dried particles.
The dextrose equivalent (DE) of maltodextrin determines their
reducing capacity and is inversely related to their average
molecular weight. A lower DE hence the lower addition ratio
for maltodextrin generally leads to better retention of encapsu-
lates (Krishnan et al., 2005; Adhikari et al., 2009) and also
reduces the health risks for <30% ratio of drying carrier.
Nemzer et al. (2011) studied the comparison of betalainic
and nutritional proﬁles of pigment-enriched red beetroot (Beta
vulgaris L.) dried extracts from the spray, air and freeze-
drying. Emilia Janiszewska (2014) reported the effect of mal-
todextrin, Arabic gum and a mixture of both on the stability
of beetroot pigments obtained from 100% beetroot juice.
The author conﬁrmed and preferred the utility of maltodextrin
mediated spray dried powders as natural food pigments. The
antioxidative activity of microcapsules with beetroot juice
using gum Arabic as wall material was explored by Pitalua
et al. (2010). Bazaria and Kumar (2016a,b) calculated the
effect of whey protein concentrate as drying aid and spray dry-
ing parameters on physicochemical and functional properties
of spray dried beetroot juice concentrate while optimizing
the same.
RSM has important application in the design, development,
and formulation of new products, as well as in the improve-
ment of existing product design. Box-Behnken Design (BBD)
is among the most popular designs involved in RSM and par-
ticularly available for three to twenty-one factors. These
designs are response surface designs, specially made to require
only 3 levels, coded as 1, 0, and +1. This procedure creates
designs with desirable statistical properties but, most impor-
tantly, with only a fraction of the experiments required for a
three-level factorial. Because there are only three levels, the
quadratic model is appropriate. The Box-Behnken design has
better prediction precision in the center of the factor space.
Spray drying process parameters affect various physicochemi-
cal properties of powders. Therefore, it is important to opti-
mize the drying process, in order to obtain products with
better sensory and nutritional characteristics and better pow-
der yield. The objective of this study was to optimize inletPlease cite this article in press as: Bazaria, B., Kumar, P. Optimization of spray dr
(RSM). Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.oair temperature, feed ﬂow rate and concentration of maltodex-
trin for the production of dried beetroot juice concentrate.
2. Material and methods
2.1. Sample preparation
Sample beetroots procurement was done from a local grower of
Sangrur (Punjab, India). Beetroots were well washed. The juice
elaboration was done by employing a juice extractor (Sujata,
India) and the residual wet pulp generated from the ﬁrst extrac-
tion was exposed to a second juice extraction so as to maximize
the juice yield which was followed by ﬁltration (100 mesh ﬁlter)
and storing in pre-sterilized glass bottles. The small scale labo-
ratory spray dryer is given more diluted feedstock because of
easy clogging of the atomizer with high viscosity feed; there-
fore, beetroot juice was concentrated and then optimized to
22% soluble solids (Brix) at a concentration temperature of
55 C on the basis of some functional properties, viz. Redness
value, antioxidant capacity, TPC and betalain content
(Bazaria and Kumar, 2016a,b). Before feeding the concentrate
to spray dryer, the drying carrier (corn based), MD with
dextrose equivalency 10 (DE 10) was added to beetroot juice
concentrate (BJC) on total solid basis and feed was thoroughly
blended for at least 10 min for complete dissolution.
2.2. Spray drying process
The suspension was provided to laboratory scale co-current
spray dryer (SM Scientech, Kolkata, India) main chamber
(500 mm  215 mm) through a peristaltic pump. The inner
diameter of atomizer nozzle was 0.5 mm and the feed ﬂow rate
was controlled by the pump rotation speed. The operational
conditions for the drying process were inlet air temperature
and feed ﬂow rate ranging between 160–180 C and 400–
600 ml/h respectively. The concentration of MD (DE 10) was
varied between 5% and 15% for successful spray drying.
Obtained powder was collected in an insulated glass bottle
connected at the end of cyclone after drying and packed in
polyethylene pouches and stored in a desiccator containing sil-
ica gel at 25 C till it was further analyzed.
2.3. Powder yield
Powder yield after successful spray drying was evaluated in
percentage as total solids collected to the total solids provided
in the feed suspension.
Powder yield ð%Þ ¼ ½Obtained dried powder ðgÞ=BJC ðgÞ
þDrying carrier ðgÞ  100
ð1Þ2.4. Hygroscopicity
Hygroscopicity was determined according to the method pro-
posed by Cai and Corke (2000) with some modiﬁcations. Sam-
ples of each powder (approximately 1 g) were placed at 25 C
in a glass desiccator prepared with NaCl saturated solution
(75.29% RH). After one week, samples were weighed andying parameters for beetroot juice powder using response surface methodology
rg/10.1016/j.jssas.2016.09.007
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(g/100 g) dry solids.
2.5. Color
The powder color was determined by using CIE color lab Min-
olta chroma meter (CR-400; Minolta Corp, Japan). As the
vegetable ‘Beetroot’ is primarily known for its crimson red
color; hence, the a* (green/red) value was measured in tripli-
cate and the mean value was reported. The measurement was
carried out by placing the lens of the color reader on the pow-
der enveloped in packaging material.
2.6. Betalain retention
A spectrophotometric method as described by Cassano et al.
(2010) was performed for the quantiﬁcation of betalains (BT)
using UV–VIS spectrophotometer (Hach DR 6000, Germany).
2.7. Radical scavenging activity
The antioxidant activity of the samples was determined by
DPPH method described by Lee et al. (2003) with some mod-
iﬁcations. The stock reagent solution was prepared by dissolv-
ing 22 mg of DPPH in 50 ml of methanol and stored at 18 C
until use. The working solution was prepared by mixing 6 ml
of stock solution with 100 ml of methanol. Each sample was
vortexed for 30 s with 3.9 ml of DPPH solution and left to
react for 30 min, after which the absorbance at 515 nm was
recorded. A control with no added extract was also prepared
and analyzed. The radical scavenging activity (%RSA) was
calculated using the following formula:
RSA ð%Þ ¼ ½ðAControl  ASampleÞ=AControl  100 ð2Þ
where AControl and ASample are absorbances of control and
sample respectively.
2.8. Experimental design
The Box-Behnken design has better prediction precision in the
center of the factor space (Design-Expert 9.0, Stat-Ease, Inc.).
The 3-factor-3-level Box-Behnken design (Montrogomery,
2008; Box and Behnken, 1960) with ﬁve replicates at the center
point was used for spray drying of BJC, considering three inde-
pendent variables: inlet air temperature (160, 170 and 180 C),
feed ﬂow rate (400, 500 and 600 ml/h) and MD (DE 10) con-
centration (5%, 10% and 15%) to develop predictive models
for different responses. A total of 17 experiments were con-
ducted including the central point. The responses were ana-
lyzed by using second order polynomial (SOP) model:
Yk ¼ bk0 þ
Xn
i¼1
bkixi þ
Xn
i¼1
bkiix
2
i þ
Xn1
i¼1
Xn
j¼iþ1
bkijxixj ð3Þ
where Yk = response variable; Y1 = powder yield (%);
Y2 = hygroscopicity (g/100 g); Y3 = redness value; Y4 =
betalain retention (%) and Y5 = RSA (%); xi represent the
coded independent variables (x1 = temperature of inlet air,
x2 = concentration of maltodextrin concentration and
x3 = feed ﬂow rate, where bko was the value of the ﬁtted
response at the center point of the design, i.e., point (0,0,0),Please cite this article in press as: Bazaria, B., Kumar, P. Optimization of spray dry
(RSM). Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.obki, bkii and bkii were the linear, quadratic and cross-product
regression coefﬁcients, respectively. The test of statistical sig-
niﬁcance was performed on the total error criteria, with a con-
ﬁdence level of 95%. The analysis of variance (ANOVA), test
for the lack of ﬁt, determination of the regression coefﬁcients
along with the goodness of ﬁt of the model that was studied
for the generation of three-dimensional graphs were carried
out using the Design Expert Version 9.0.4.1. (Minneapolis,
USA). Some non-signiﬁcant terms were eliminated and the
resulting equations were tested for adequacy and ﬁtness by
the analysis of variance (ANOVA). The effect of process con-
ditions, such as IAT, FFR and MD addition rate was observed
on the ﬁve responses, powder yield, hygroscopicity, redness
value, betalain retention and RSA of beetroot juice powder.
The three-dimensional (3D) contour plots of the quadratic
model, with one parameter maintained constant at the mid-
point and the other parameters changed within the experimen-
tal limits are presented in Figs. 1–5. The un-coded values of
independent variables with their aim are shown in Table 1.
3. Results and discussion
3.1. Powder yield
The analysis of variance table showed a signiﬁcant quadratic
model and a non-signiﬁcant lack of ﬁt. The powder yield for
dried beetroot juice varied between 41.31% and 54.63% for
seventeen runs (Table 2). The same yields (around 50%) were
reported by Obo´n et al. (2009) in the production of red-purple
food colorant from Opuntia stricta fruits at three different
spray drying inlet air conditions. Maximum yield (54.63%)
has been found for the combination of 15% MD at 180 C.
The 3-D plot (Fig. 1) showed a continuous increase in the pow-
der yield for an increase in inlet air temperature.
The raised inlet air temperature led to higher powder yield,
which could be attributed to the greater efﬁciency of heat and
mass transfer processes. This trend was in agreement with the
results published by Shrestha et al. (2007) and Shishir et al.
(2016). The higher yield with higher maltodextrin concentra-
tion was most probably due to the preferable addition of total
solids in the form of drying carrier and also by the reduction in
stickiness via encapsulation by maltodextrin (Fazaeli et al.,
2012). The variable FFR affected negatively powder yield
which might be caused by slow heat and mass transfer rate.
Similar results were reported by Tonon et al. (2008) during
spray drying of Acai pulp.
3.2. Hygroscopicity
Hygroscopicity depends on inherent compositions of product
and also on concentrations of the drying carriers (Ferrari
et al., 2011). The values for hygroscopicity of dried beetroot
juice particles ranged between 14.46 and 20.68 g of water/100 g
of dry matter. The FFR signiﬁcantly affected the hygroscopic-
ity values and the increase in hygroscopicity values was with an
increase in feed ﬂow rate. The reason for this could be deﬁned
by the lesser time for evaporation in the case of high FFR
(Fig. 2). Tonon et al. (2008) reported a similar trend of higher
hygroscopicity values with increased FFR. The decreasing IAT
led to the decreasing hygroscopicity values which could be well
explained by the increasing moisture content with lower IAT.ing parameters for beetroot juice powder using response surface methodology
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Figure 1 Response surface plot for powder yield (%) as affected by MD addition rate (%), IAT (C) and FFR (ml/h).
Figure 2 Response surface plot for hygroscopicity (g/100 g) as affected by MD addition rate (%), IAT (C) and FFR (ml/h).
4 B. Bazaria, P. KumarA Similar type of decrease with increase in IAT was reported
Tonon et al. (2008) while working on spray dried acai powder.
The powders produced with 5% MD (DE 10) were more
hygroscopic than those with 10% and 15% MD (DE 10).
Rodriguez-Hernandez et al. (2005), conﬁrmed a reduction in
hygroscopicity with increasing MD addition rate while work-
ing with spray drying of betacyanin pigments.
3.3. Redness value
Redness in beetroot is the main characteristic which indicates
the best possible quality of resulted powder after drying. ThisPlease cite this article in press as: Bazaria, B., Kumar, P. Optimization of spray dr
(RSM). Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.ojudgment in forming CIE color value redness was much higher
in the powder form (34.67) than in the juice (7.18) which is
important because of the end use of beetroot i.e. a colorant
(Henry, 1996). Table 2 showed the variation between the high-
est and lowest redness values which was approximately 12.11.
This variation was much caused by the two independent vari-
ables i.e. IAT and MD addition rate which signiﬁcantly
affected the redness of produced powder. The retention of red-
ness was higher at initial drying temperatures but there was a
steep decrease in the plot for redness value at higher IAT
(Fig. 3). This may be due to the substantial degradation of
the pigment (betalain) at a higher drying temperature.ying parameters for beetroot juice powder using response surface methodology
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Figure 3 Response surface plot for redness value as affected by MD addition rate (%), IAT (C) and FFR (ml/h).
Figure 4 Response surface plot for betalain retention (%) as affected by MD addition rate (%), IAT (C) and FFR (ml/h).
Optimization of spray drying parameters for beetroot juice powder 5Mestry et al. (2011) found similar results with encapsulation of
carrot and watermelon and Santhalakshmy et al. (2015) with
Jamun fruit juice powder. The 3D RSM plot (Fig. 3) for
FFR and redness values was a ﬂat surface without inclination;
hence, these variables showed the non-signiﬁcant effect on this
response. On the contrary, the RSM plot for MD addition rate
with redness value showed an inclination which shows the
encapsulation efﬁciency of MD (DE 10) with an increasing
addition rate and hence conﬁrms their suitability as a drying
carrier. Such efﬁcacy of MD was also conﬁrmed by Ferrari
et al. with blackberry powder.Please cite this article in press as: Bazaria, B., Kumar, P. Optimization of spray dry
(RSM). Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.o3.4. Betalain retention
Betalains possess several necessary biological activities, includ-
ing antioxidant, anti-inﬂammatory, hepato-protective, and
antitumor properties along with their representative red color.
IAT and MD addition rate had a signiﬁcant effect (p< 0.05)
on the retention of betalain pigment. The highest pigment
retention (70.46%) was found in powders with 15% MD
(DE 10) because MD (DE 10) as drying carrier acted as wall
material to prevent oxidative damage due to oxidation at
higher drying temperature. Regression model ﬁtted to experi-ing parameters for beetroot juice powder using response surface methodology
rg/10.1016/j.jssas.2016.09.007
Figure 5 Response surface plot for RSA (%) as affected by MD addition rate (%), IAT (C) and FFR (ml/h).
Table 1 Dependent and independent variables limit range for BJC-MD powders.
Aim Lower limit Upper limit
Independent variables X1 (IAT) (C) In range 160 180
X2 (MD addition rate) (%) In range 5 15
X3 (FFR) (ml/h) In range 400 600
BJC-MD powder
Dependent variables Powder yield Maximum 41.31 54.63
Hygroscopicity Minimum 14.46 20.78
Redness value Maximum 22.56 34.67
BR Maximum 61.34 70.46
RSA Maximum 56.55 67.76
6 B. Bazaria, P. Kumarmental results of betalain retention (Table 3) showed that FFR
(X3) had a non-signiﬁcant effect on betalain retention.
Response surface plot Fig. 4 denoted that increasing IAT
caused a reduction in betalain retention of resulted powder.
This degradation of retention of pigment in dried particles
might be the result of a hydrolytic reaction of the betalain to
D-glucoside cycle-DOPA and betalamic acid (Bazaria and
Kumar, 2016a,b). Such pigment degradation at higher drying
temperatures was also reported by Tonon et al. (2010) for
dried acai juice and Fang and Bhandari (2012) for bayberry
juice powders. Also, powders produced at lower drying tem-
peratures with increased afﬁnity for agglomeration reduce
the powder exposition to oxygen and hence defend the pig-
ments before oxidation (Quek, 2007).
3.5. RSA (%)
The RSA 3D RSM plots (Fig. 5) almost followed the same
trend as followed by the response betalain retention because
betalain content was found to be the governing factor affecting
the radical scavenging activity in beetroots (Bazaria and
Kumar, 2016a,b). The addition of MD (DE 10) within a rangePlease cite this article in press as: Bazaria, B., Kumar, P. Optimization of spray dr
(RSM). Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.oof 5–15% led to the increase in RSA (%) value between 56.55
and 67.76%. The higher concentration of MD (DE 10) could
better protect the antioxidants due to its encapsulation effect.
The IAT had signiﬁcant negative linear effect whereas the MD
(DE 10) concentration had a positive linear effect on RSA %.
The former effect was due to decomposition of thermal liable
compounds, occurrence of oxidative reactions and disruption
of phenolics induced by heat. The results were well conﬁrmed
by Cai and Corke (2000) while working with Amaranthus.
There was no signiﬁcant difference observed for FFR with
regard to antioxidant activity.
3.6. Optimization of process parameters and verification of the
model
Every individual response viz. powder yield, hygroscopicity,
redness value, betalain retention and RSA was optimized in
combination using Design expert software. For solving the
‘stationary point’ issue, constraints were set in the form of
minimum (hygroscopicity) and maximum (powder yield, red-
ness value, betalain retention and RSA) range values for all
independent variables (Table 1), in such a way that the selectedying parameters for beetroot juice powder using response surface methodology
rg/10.1016/j.jssas.2016.09.007
Table 2 Effect of independent variables on responses of developed BJC powder.
Runs Inlet air
temperature (C)
Maltodextrin addition
rate (%)
Feed ﬂow rate
(ml/h)
Yield
(%)
Hygroscopicity
(g/100 g)
Redness
value
Betalain
retention (%)
RSA
(%)
1 170 (0) 15 (+1) 600 (+1) 49.13 18.34 29.64 66.34 62.54
2 170 (0) 5 (1) 400 (1) 45.11 17.87 27.5 64.34 60.76
3 160 (1) 15 (+1) 500 (0) 44.73 14.86 34.67 70.46 67.76
4 160 (1) 10 (0) 400 (1) 44.17 14.46 33.87 68.21 65.45
5 170 (0) 10 (0) 500 (0) 47.42 16.74 27.06 65.06 61.11
6 170 (0) 10 (0) 500 (0) 48.51 16.43 27.67 65.24 61.34
7 160 (1) 5 (1) 500 (0) 41.31 14.71 31.78 67.96 63.89
8 180 (+1) 10 (0) 400 (1) 54.31 19.23 24.67 63.16 58.45
9 170 (0) 10 (0) 500 (0) 47.82 16.45 27.03 65.82 61.67
10 180 (+1) 15 (+1) 500 (0) 54.63 18.94 25.78 63.75 59.34
11 160 (1) 10 (0) 600 (+1) 42.43 15.04 33.21 69.49 65.01
12 170 (0) 10 (0) 500 (0) 48.03 16.56 27.92 65.78 61.28
13 170 (0) 5 (1) 600 (+1) 44.96 17.56 27.13 64.87 60.21
14 170 (0) 15 (+1) 400 (1) 50.78 17.39 29.54 66.98 63.04
15 180 (+1) 10 (0) 600 (+1) 53.34 19.67 24.21 62.84 58.08
16 180 (+1) 5 (1) 500 (0) 51.54 20.68 22.56 61.34 56.55
17 170 (0) 10 (0) 500 (0) 48.93 16.29 27.11 65.18 61.98
Table 3 Coded signiﬁcant regression coefﬁcients of second order polynomial for powder yield, hygroscopicity, redness value, betalain
retention and RSA of BJC powder.
Coeﬃcients Powder yield (%) Hygroscopicity (g/100 g) Redness value (–) Betalain retention (%) RSA (%)
b0 48.14 16.49 27.36 65.42 61.48
b1 5.148
** 2.431** 4.539** 3.129** 3.71**
b2 2.044
** – 1.332** 1.128** 1.409**
b3 0.564* – – – –
b12 – 0.472* – – –
b13 – – – – –
b23 – – – – –
b1
2 – – 0.939** – –
b2
2 – 0.747** – – –
b3
2 – 0.549** 0.693** – –
R2 0.9882 0.9883 0.9943 0.9884 0.9889
Adjusted R2 0.9731 0.9732 0.9870 0.9734 0.9745
Predicted R2 0.8909 0.8424 0.9606 0.8941 0.8758
Adequate Precision 28.696 25.802 39.222 28.464 29.502
Std. Dev. 0.65 0.30 0.39 0.39 0.45
Mean 48.07 17.13 28.31 65.70 61.67
C.V.% 1.36 1.75 1.38 0.59 0.73
Lack of ﬁt 1.53ns 6.13ns 0.79ns 1.45ns 2.63ns
Signiﬁcant regression coefﬁcients of SOP for the responses.
ns – non-signiﬁcant.
* Signiﬁcant at p< 0.05.
** Signiﬁcant at p< 0.0001.
Table 4 Predicted and experimental values of the responses at
optimum conditions for spray-dried beetroot juice powder.
Responses Values
Predicted Experimental
Powder yield (%) 46.094 44.35
Hygroscopicity (g/100 g) 15.169 16.89
Redness value – 35.286 34.11
Betalain retention (%) 70.074 70.23
RSA (%) 67.524 68.01
Optimization of spray drying parameters for beetroot juice powder 7MD addition rate (%), IAT (C) and FFR (ml/h) were close to
optimum for the most studied responses. Upon the basis of
ranges of the different responses, a total of 50 solutions were
found. In terms of model veriﬁcation, three experiments were
carried out under the recommended optimum conditions of
MD (DE 10) addition rate by 15% and FFR by 400 ml/h
and IAT of 160 C as provided by the optimized solution for
the model. The powder with the abovementioned levels was
having the highest desirability of 0.785. The mean predicted
and experimental values according to quadratic model for
powder yield, hygroscopicity, redness value, betalain retention
and RSA for MD (DE 10) based powder are shown in Table 4.Please cite this article in press as: Bazaria, B., Kumar, P. Optimization of spray drying parameters for beetroot juice powder using response surface methodology
(RSM). Journal of the Saudi Society of Agricultural Sciences (2016), http://dx.doi.org/10.1016/j.jssas.2016.09.007
8 B. Bazaria, P. Kumar4. Conclusions
Seventeen different runs according to the Box–Behnken design
were used to study the quality parameters of BJC powder at
various levels of IAT, MD addition rate, and FFR. All of
the variables were highly signiﬁcant (p< 0.05) to the
responses apart from the feed ﬂow rate which was non-
signiﬁcant to the responses studied except hygroscopicity.
The multiple response optimizations revealed the optimum
conditions to maximize the redness value, powder yield, beta-
lain retention, and RSA in the powder with low hygroscopic-
ity. Overall, the results of the present study suggest that the
obtained model is acceptable for the improved retention of
betalain content in BJC powder which can subsequently be
applied in its large scale production.
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